captive African hedgehogs (Atelerix albiventris), from among 42 necropsy cases, were diagnosed with cardiomyopathy. The incidence of cardiomyopathy in this study population was 38%. Fourteen of 16 hedgehogs with cardiomyopathy were males and all hedgehogs were adult (Ͼ1 year old). Nine hedgehogs exhibited 1 or more of the following clinical signs before death: heart murmur, lethargy, icterus, moist rales, anorexia, dyspnea, dehydration, and weight loss. The remaining 7 hedgehogs died without premonitory clinical signs. Gross findings were cardiomegaly (6 cases), hepatomegaly (5 cases), pulmonary edema (5 cases), pulmonary congestion (4 cases), hydrothorax (3 cases), pulmonary infarct (1 case), renal infarcts (1 case), ascites (1 case), and 5 cases showed no changes. Histologic lesions were found mainly within the left ventricular myocardium and consisted primarily of myodegeneration, myonecrosis, atrophy, hypertrophy, and disarray of myofibers. All hedgehogs with cardiomyopathy had myocardial fibrosis, myocardial edema, or both. Other common histopathologic findings were acute and chronic passive congestion of the lungs, acute passive congestion of the liver, renal tubular necrosis, vascular thrombosis, splenic extramedullary hematopoiesis, and hepatic lipidosis. This is the first report of cardiomyopathy in African hedgehogs.
cations associated with lymphosarcoma, metastatic mammary gland adenocarcinoma, chronic renal disease, and severe intervertebral disc disease. Radiographs, ultrasonograms, electrocardiograms, and clinical pathologic data were not available from any hedgehog with cardiomyopathy.
At necropsy, 6 hedgehogs had hearts that were enlarged and sometimes globoid ( Fig. 1 ). Other cardiac changes noted in single cases were mild left ventricular dilatation and many, Ͻ2 mm in length, myocardial white streaks. Six hedgehogs had lungs that were distended, light to dark red, wet, and on section, oozed light red fluid from the parenchyma. Three hedgehogs had hydrothorax. One hedgehog had a pulmonary infarct and one hedgehog had renal infarcts. Five hedgehogs had enlarged, swollen livers with rounded edges, and a prominent reticulated (''nutmeg'') pattern. Ascites was observed in 1 of the hedgehogs with cardiomyopathy.
Histologic lesions were similar in the hearts of all hedgehogs ( Table 2 ). Fourteen of 16 (87.5%) hedgehogs had lesions within the left ventricular myocardium and 8 of these hedgehogs appeared to have cardiac lesions confined to the left ventricle. Six hedgehogs had lesions in both right and left ventricles, whereas 2 hedgehogs had cardiac lesions restricted to the right ventricular myocardium. All hedgehogs had multifocal degeneration of cardiac myofibers (Fig. 2 ) that sometimes was accompanied by coagulative necrosis of cardiac myofibers. In addition, 10 of 16 (62.5%) hedgehogs had myofibers that were atrophic, hypertrophic, and in disarray. Four hedgehogs had multifocal mineralization of myofibers. The myocardial interstitium was expanded in all hedgehogs by fibrous connective tissue, edema fluid, or both ( Fig. 3 ), but inflammatory cellular infiltrates of the myocardium were not observed.
Hedgehogs with cardiomyopathy had several other frequent histologic lesions ( Table 3) . Fourteen of 15 (93%) hedgehogs had pulmonary lesions (no microscopic examination was conducted on the lung of 1 hedgehog) consisting of either acute passive congestion and edema or chronic pas- sive congestion and fibrosis. Eight hedgehogs had acute passive congestion of the liver, but chronic passive hepatic congestion was not observed in any hedgehog with cardiomyopathy. Other common histologic lesions were renal tubular necrosis, splenic extramedullary hematopoiesis, vascular thrombosis, and hepatic lipidosis.
The common constituents of diets fed to hedgehogs with cardiomyopathy from 7 institutions were analyzed according to frequency (Table 4 ). Canned or dry commercial cat food was the only ingredient found in all 7 diets. Various types of fresh vegetables and insects (primarily mealworms) were also common ingredients found in diets fed to hedgehogs with cardiomyopathy. Cardiomyopathy may result from infectious, toxic, genetic, nutritional, traumatic, metabolic, and idiopathic conditions. 13 Coxsackie B viruses, encephalomyocarditis virus, influenza virus, canine parvovirus type 1 and 2, canine distemper virus, and foot and mouth disease (FMD) virus have been associated with myocarditis in animals. Among these viruses, only FMD virus and canine distemper virus have been reported to infect hedgehogs. 9, 14 Hedgehogs with FMD develop typical cutaneous vesicular lesions, but cardiac lesions have not been described. The potential for subclinical infection with FMD virus in hedgehogs is the reason why they were banned for importation; therefore, most of the hedgehogs in the United States are born in captivity. A morbillivirus antigenically related to canine distemper virus was isolated from a hedgehog with lesions suggestive of canine distemper viral infection; however, cardiac lesions were not noted. 14 Toxoplasma gondii, Trypanosoma cruzi, Salmonella sp., Clostridium piliforme, and Clostridium chauvoei are additional pathogens that have been associated with myocarditis in animals. No histologic evidence of an infectious agent was noted in the hearts of any hedgehog with cardiomyopathy. Nutritional deficiencies of vitamin E, selenium, potassium, copper, iron, thiamine, magnesium, protein-calorie, tryptophan, taurine, L-carnitine, and choline can cause myocardial disease in animals. 13 Wild hedgehogs consume a variety of insects, worms, small vertebrates, carrion, and plants. 6, 15 Captive hedgehogs are usually fed a diet consisting of dry dog or cat food supplemented with mealworms, earthworms, crickets, and diced fruits and vegetables. 7, 11 Metabolic bone disease, obesity, and hepatic lipidosis are nutritional-based disorders that have been reported in captive hedgehogs believed to have been fed improper diets. 10, 15, 16 The hedgehogs from this study were from many different locations and were fed a variety of customized diets. Commercial moist and dry cat food was the main dietary component for all of the hedgehogs with cardiomyopathy. Many hedgehogs with cardiomyopathy also received fresh vegetables and insects. * Vegetables include 1 or more of the following: carrots, spinach, squash, lettuce, yams, and corn. † Insects include 1 or more of the following: mealworms, waxworms, and crickets. ‡ Fruits include 1 or more of the following: grapes, bananas, apples, pears, and melons. Fewer hedgehogs with cardiomyopathy were given fresh fruits and vitamin-mineral supplements. The diets fed to the hedgehogs in this study were diverse; therefore, a nutritional deficiency cannot be ruled out as a cause for the cardiomyopathy.
The role of genetics in the pathogenesis of idiopathic dilated cardiomyopathy in humans has become increasingly important. 8 The mdx mouse and the xmd dog are 2 animal models of the X-linked Duchenne muscular dystrophy. 2, 12 In addition to profound skeletal muscle lesions, these animals tend to have cardiomyopathy. No histologic evidence was found of skeletal muscle lesions in any hedgehog with cardiomyopathy. Recently, cases of human idiopathic dilated cardiomyopathy have been shown to be associated with mutations in mitochondrial DNA resulting in abnormalities of oxidative metabolism. 1, 3 Although the hedgehogs were from a wide range of captive collections across the United States, a genetic basis for the cardiomyopathy cannot be ruled out.
Tracing the parental lineage of the hedgehogs was difficult, but the lack of new genetic material being introduced because of importation bans may predispose hedgehogs in the United States to genetic diseases. However, no gender predisposition was found for cardiomyopathy in these hedgehogs based upon results of chi-square analysis.
A large number of compounds have been associated with toxic cardiomyopathy. None of the hedgehogs in this study had any medical history of toxin exposure. In mammals, hyperthyroidism, hypothyroidism, and diabetes mellitus are endocrine imbalances that can result in cardiomyopathy. Currently, none of these diseases have been reported in hedgehogs, and no clinical and histologic evidence of endocrine disturbances was found in any of the hedgehogs with cardiomyopathy.
Stressful situations such as overcrowding, extreme temperature exposure, and immobilization, can result in altered concentrations of endogenous catecholamines, corticosteroids, and electrolytes, causing myocardial necrosis without skeletal muscle changes. 13 Stress may play a role in causing the cardiomyopathy in these hedgehogs. However, no histologic evidence of lesions associated with stress responses was found in any of the hedgehogs with cardiomyopathy, and all hedgehogs were reported to be in good nutritional condition before developing cardiomyopathy.
Thirteen of 16 (81%) hedgehogs with cardiomyopathy had acute renal tubular necrosis (ATN). The causes of ATN are numerous, and usually involve a period of inadequate blood flow to the kidneys. Renal tubular epithelial cells are particularly sensitive to anoxia that occurs during hypotension and shock. 5 The cardiomyopathy in these 13 hedgehogs likely caused poor renal perfusion and subsequent renal tubular ischemic necrosis. Nephrotoxic ATN cannot be completely ruled out in these cases, but none of the hedgehogs were reported to have been exposed to any known nephrotoxic agents.
In humans, cardiac failure carries a high risk for the development of vascular thrombosis. 4 Patients with heart failure often have acquired hypercoagulability that may involve alterations in laminar blood flow, including vascular stasis and turbulence, as well as endothelial injury. 4 Vascular thrombosis was noted in 8 of 16 (50%) hedgehogs with cardiomyopathy. Single hedgehogs had a pulmonary infarct and chronic renal infarcts. Cardiomyopathy may have made the hedgehogs more susceptible to vascular thrombosis. In mammals, ventricular mural thrombosis is a common sequela to some forms of cardiomyopathy but this was not evident in any hedgehog with cardiomyopathy.
The cause of the cardiomyopathy in these hedgehogs was not determined and further investigative work needs to be done to better define this disease. The incidence of cardiomyopathy was relatively high in the hedgehogs and was the chief contributor to death in the majority of them. The disease tends to involve primarily the left ventricle resulting in left-sided heart failure. Hedgehogs with cardiomyopathy may present with no clinical signs or with classic signs of left-sided heart failure. In addition to pulmonary and cardiac lesions, many hedgehogs have renal tubular necrosis and vascular thrombosis.
